A HYDROCARBON-REFORMING CATALYST 
AND A METHOD OF MANUFACTURING THEREOF 



INDUSTRIAL FIELD 
5 The present invention relates to a catalyst for hydrocarbon- reforming 

that is employed when producing carbon monoxide and hydrogen from 
hydrocarbon such as methane, and also relates to a method of manufacturing 
the catalyst. 

10 BACKGROUND 

When a hydrocarbon, e.g. methane, natural gas, petroleum gas, 
naphtha, heavy oil or crude oil, is reacted with a reforming agent, e.g. steam, 
air or carbon dioxide, at a high temperature in presence of a catalyst, the 
hydrocarbon is reformed to a synthetic gas that is a mixed gas containing 

15 carbon monoxide and hydrogen. The synthetic gas is useful as a raw material of 
methanol, liquid fuel, etc.. Research and development have been also carried 
out in order to separate hydrogen from the synthetic gas in response to 
advancement of fuel cells in these days. Nickel/alumina and 
nickel/magnesia/alumina have been used so far as hydrocarbon-reforming 

20 catalysts for production of such a synthetic gas. 

In a hydrocarbon/steam reacting system, a reaction by-product, i.e. 
carbonaceous matters, is likely to deposit on a surface of a catalyst. Once the 
deposition of carbonaceous matters is formed over catalytic activity sites of the 
catalyst, catalytic activities are significantly reduced. Heavy deposition of the 

25 carbonaceous matters produces unfavorable results. For instance, clogging or 
damage of a catalyst bed, deviation of gases flowing through a reaction zone, 
decrease of a ratio of the effective catalyst for reforming reactions and so on. 
Deposition of the carbonaceous matters on the surface of the catalyst is avoided 
by introducing an excess volume of steam, but introduction of excess steam 
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unavoidably increases an energy cost and needs a large-scaled plant. 

A reforming catalyst, which distributes catalytic- activity sites on a 
surface of a carrier with high dispersion, is proposed by JP2002-126528A, in 
order to inhibit deposition of carbonaceous matters without introduction of 
5 excess steam. The proposed catalyst is manufactured by preparing an aqueous 
solution, which contains a catalytic-activity constituent, e.g. Co or Ni, together 
with Mg and Ca at a specified ratio, adding such a co-precipitating agent as 
potassium carbonate to the aqueous solution so as to precipitate hydroxides 
and carbonates, drying and calcining the precipitates in an oxidizing 

10 atmosphere so as to form complex oxide granules, compressing the granules to 
a predetermined shape, and then calcining the green compact. 

The reforming catalyst proposed by JP2002-126528A is prevented from 
unfavorable deposition of carbonaceous matters due to distribution of catalytic- 
activity sites with high dispersion, but a catalytic-activity constituent is also 

15 diffused to an inner part of the carrier body. The catalytic- activity constituent 
in the inner part neither comes in contact with hydrocarbon or a reforming 
agent nor contributes to reforming reactions. In this sense, an expensive 
catalytic- activity constituent is wastefully consumed. Moreover, the 
manufacturing process comprises a lot of steps, i.e. preparation of a Mg, Ca- 

20 containing solution, co-precipitation, aging of precipitates, washing, calcining, 
granulation, compression and calcining. Consequently, the reforming catalyst is 
very expensive due to wasteful consumption of the catalytic- activity constituent 
and the complicated manufacturing process. 

On the other hand, an impregnating and calcining process enables 

25 manufacturing a reforming catalyst at a relatively low cost, while suppressing 
rises of mate rialis tic and manufacturing costs. According to this process, an 
oxide of a catalytic -activity constituent is supported on a carrier, as follows- A 
carrier is formed to a predetermined shape and soaked in an aqueous solution 
containing a catalytic- activity constituent. The carrier impregnated with the 
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catalytic- activity constituent is then dried and calcined, as disclosed in JP7- 
206726A. 

The catalytic -activity constituent, which is infiltrated into a carrier 
according to a conventional impregnating and calcining process, is likely to 
5 gather and scatter as island aggregates on a surface of the carrier. The island 
aggregation of the catalytic- activity constituent remains as such after the 
impregnated carrier is calcined, or rather promotes growth of the catalytic- 
activity constituent up to big particles due to thermal diffusion during 
calcining. Consequently, the catalytic- activity sites are unevenly distributed, 
10 and numerous deposition of carbonaceous matters can not be avoided. 

SUMMARY OF THE INVENTION 

The present invention aims at provision of a hydrocarbon-reforming 
catalyst, which maintains its excellent catalytic activity for a long time without 

15 deposition of carbonaceous matters. An object of the present invention is to 
support a catalytic -activity constituent as an oxide complexed with a carrier- 
forming constituent on a surface of a carrier with high dispersion. 

The present invention proposes a hydrocarbon-reforming catalyst, 
which has catalytic -activity particles distributed on a surface of a carrier with 

20 the high dispersion that 80% or more of the catalytic- activity particles is shared 
by fine particles of 3.5 nm or less in size. The high dispersion is realized by 
impregnating a porous preform with an impregnating solution, which contains 
both of catalytic -activity and carrier-forming constituents therein, drying the 
impregnated preform, and calcining and activating the dried preform at high 

25 temperatures. The wording "a surface of a carrier" in this specification involves 
an inner part near the surface of the carrier, too. 

A carrier is a porous body, which is provided by calcining a green 
compact containing at least one of magnesia, alumina, zirconia, titania and 
calcia. The porous body preferably has porosity of 10-50 vol. %, in order to 
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support a catalytic- activity constituent as much as possible. 

The porous preform is soaked in an impregnating solution, which 
contains at least one catalytic -activity constituent selected from Ni and Co and 
at least one carrier -forming constituent selected from compounds of Mg, Al, Zr, 
5 Ti and Ca, so as to simultaneously infiltrate the catalytic -activity and carrier- 
forming constituents into the porous preform. A mole ratio of the carrier- 
forming constituent to the catalytic- activity constituent in the impregnating 
solution is preferably adjusted to a value within a range of 0.5-5. 

The impregnated porous preform is dried and calcined at a temperature 

10 of 700°C or higher in an oxidizing atmosphere. The catalytic -activity 
constituent is reacted with the carrier- forming constituent and converted to a 
complex oxide during calcining. The calcined body is then activated at a 
temperature of 500° C or higher in a reducing atmosphere. Fine catalytic- 
activity particles, which are produced from the complex oxide by activation, are 

15 uniformly distributed on a surface of a carrier with high dispersion. 

In a hydrocarbon-reforming process, a synthetic gas is produced from a 
hydrocarbon(s) according to the formulas (l) to (4), while carbonaceous matters 
are deposited on a surface of a catalyst according to the formulas (5) to (8). Any 
20 of the reactions (l) to (8) occur on the surface of the catalyst. The carbonaceous 
matters accumulate at boundaries between the catalytic- activity and carrier- 
forming constituents, deactivate and wreck the catalyst in the end. Even in the 
case where the catalytic -activity is not degraded so much, accumulation of the 
carbonaceous matters causes deviation of gases passing through a reaction zone 
25 and raises a ratio of the catalyst ineffective for the reforming reactions. 

CH4 + CO2 <=> 2CO + 2H2 (1) 
CH4+H2O <=> CO + 3H2 (2) 

CnH m +nH20 =» nCO + (n+m/2)H2 (3) 

CO2 + H2 & CO + H2O (4) 
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2CO ¥> C + CO2 (5) 

CH 4 ^ C + 2H 2 (6) 

CO + H2 «=> C + H2O (7) 

CnHm => nC + m/2H 2 (8) 
5 Accumulation of carbonaceous matters is suppressed by minimizing a 

catalytic- activity constituent, which is supported on a carrier, to fine particles. 
An effect of particle size of the catalytic -activity constituent on accumulation of 
carbonaceous matters probably explained by acceleration of reverse reactions 
compared with the carbonaceous matter- depositing reactions (5) to (8) in 
10 correspondence to minimization of the catalytic- activity particles. An oxidizing 
power of the catalytic- activity particles present on a surface of the carrier for 
reactions of C + O2— *C02 and C + CO2 — * 2CO may be also effective for 
prevention of the accumulation. As particle size of the catalytic activity 
constituent is smaller, the carbonaceous matters are less accumulated. Any 
15 accumulation of the carbonaceous matters is not substantially detected, when a 
catalytic- activity constituent is of 3.5 nm or less in particle size. 

The inventive hydrocarbon-reforming catalyst has very fine catalytic- 
activity particles distributed on a surface of a carrier with high dispersion to 
realize the effect of dense distribution of fine catalytic- activity sites on 
20 prevention of accumulation of carbonaceous matters. Due to dense distribution 
of the catalytic- activity sites, the catalyst also maintains its excellent activity 
for a long time, and the reforming reactions (l)-(4) are efficiently promoted 
even in the state that a feed rate of a reforming agent such as steam is reduced. 

25 BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 shows an effect of a calcining temperature on a specific surface 
area of catalysts. 

BEST MODES OF THE INVENTION 
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A hydrocarbon- reforming catalyst comprises a catalytic -activity 
constituent, e.g. Ni or Co, and a carrier, which is a porous body of magnesia, 
alumina, zirconia, titania and/or calcia. The catalytic -activity constituent 
together with a carrier -forming constituent is supported as a complex oxide on 
5 the porous carrier, as follows- At first, a porous preform is soaked in an 
impregnating solution, which contains both of the catalytic- activity and carrier- 
forming constituents. After the porous preform raised from the impregnating 
solution and dried, it is calcined at an elevated temperature. The catalytic- 
activity constituent is reacted with the carrier- forming constituent and 

10 converted to a complex oxide during the high-temperature calcining. When the 
calcined body is heated again in a reducing atmosphere, the catalytic -activity 
constituent is precipitated as fine particles. Since the catalytic -activity 
particles are precipitated from the complex oxide (in other words, a 
homogeneous solid solution), they are distributed with high dispersion on the 

15 surface of the porous carrier. 

[Preparation of an impregnating solution] 

An impregnating solution is prepared by dissolving catalytic and 
carrier-forming constituents in water. The catalytic-activity constituent may be 
salts or compounds of Ni and/or Co. The carrier- forming constituent, which 

20 does not have catalytic -activity by itself and forms an oxide similar to or 
different from a porous preform (carrier), may be compounds of Mg, Al, Zr, Ti 
and/or Ca. Some of these compounds are used in mixed state as the catalytic- 
activity or carrier-forming constituents. The catalytic- activity and carrier- 
forming constituents may be added as organic salts, e.g. acetate or formate, or 

25 inorganic salts, e.g. nitrate or chloride, in water. 

A mole ratio of a carrier-forming constituent to a catalytic -activity 
constituent is preferably adjusted to a value within a range of 0.5-5. 
Aggregation of the catalytic -activity constituent is inhibited by controlling the 
mole ratio not less than 0.5, so as to enable distribution of catalytic -activity 
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particles with high dispersion from a complex oxide in a calcined state. 
However, an excess mole ratio above 5 means a decrease of the catalytic- 
activity constituent and reduces a number of catalytic -activity sites. In the case 
where an impregnating solution contains the same kind of a carrier-forming 
5 constituent as the porous preform (carrier), the excess mole ratio of the carrier- 
forming constituent causes unfavorable dissolution of the porous preform into 
the impregnating solution, resulting in poor strength of the porous carrier. 
[Impregnation] 

The catalytic -activity and carrier-forming constituents are 

10 simultaneously infiltered into the porous preform (carrier) by soaking the 
porous preform in the impregnating solution, which contains both of the 
catalytic and carrier-forming constituents. The porous preform is prepared by 
compressing one or more powdery oxides selected from magnesia, alumina, 
zirconia, titania and calcia to a predetermined shape, and calcined the green 

15 compact, although there are no special restrictions on the kind of the porous 
preform as far as the catalytic -activity and carrier-forming constituents can be 
supported on the porous preform. Exceptionally, silica is not a proper material 
of the porous preform, since it is reduced and sublimed by reaction with carbon 
monoxide, which will be produced during hydrocarbon-reforming. A complex 

20 oxide of Co and Mg, to which one or more compounds of Mn, Mo, Rb, Ru, Pt, Pd, 
Cu, Ag, Zn, Sn, Pb, La and Ce are added as co-catalysts, may be used, instead. 

A porous preform has a large specific surface area suitable for 
supporting a large amount of a catalytic- activity constituent, due to the 
structure that many pores are opened at its surface. An amount of the catalytic- 

25 activity constituent supported by the carrier is varied in correspondence with 
porosity of the carrier, but the carrier is more weakened as an increase of 
porosity. In this sense, the porosity of the preform is preferably adjusted to a 
value within a range of 10-50 vol.%, accounting a proper supporting rate of the 
catalytic -activity constituent in relation with strength of the porous carrier. 
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The porous preform is prepared by compressing or extruding an inorganic 
powdery composition, which is optionally mixed with graphite as a lubricant, 
cement and/or a binder for improvement of strength, to a predetermined shape, 
and calcining a green compact with a heat. The porosity of the porous preform 
5 is controlled to the proper value by density of the green compact, addition of a 
foaming agent and so on. 

The porous preform is soaked in the impregnating solution under the 
condition that the catalytic- activity constituent will be supported on a surface 
of a carrier at a ratio of 0.5-5 mole %. For instance, the porous preform is 

10 soaked 5-60 minutes in an impregnating solution, which contains 0.1-10 
mole/liter of a catalytic- activity constituent and 0.05-50 mole/liter of a carrier- 
forming constituent, at 0-80° C. An amount of the catalytic- activity constituent, 
which is supported on the carrier, can be measured by X-ray fluorescence 
analysis or atomic absorption spectrometry. A supporting rate of the catalytic- 

15 activity constituent less than 0.5 mole % is insufficient for catalytic activity for 
the purpose. But, a supporting rate above 15 mole % rather impedes 
distribution of catalytic -activity sites with high dispersion and causes 
deposition of carbonaceous matters. 
[Drying] 

20 The impregnated porous preform is dried and desiccated with a heat in 

prior to calcining. Since evaporation of water is accelerated as elevation of a 
temperature, a drying temperature is preferably kept at 100°C or higher so as 
to complete the desiccation in a short time. When the impregnated porous 
preform is sufficiently desiccated, a part of crystal water is also removed from 

25 the porous preform, so that the porous preform will be calcined with less 
volumetric shrinkage in the following step. On the other hand, insufficient 
desiccation causes bumping of residual water and volumetric shrinkage of the 
porous preform in the calcining step, resulting in damage of a porous body. 
Whether the desiccation is sufficient or insufficient is judged by weight loss of a 
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dry preform in comparison with a wet preform. 
[Calcining] 

When the dry preform is calcined in an oxidizing atmosphere such as 
the atmosphere, the catalytic activity and carrier-forming constituents are 
5 oxidized and converted to a complex oxide. The complex oxide is uniformly 
distributed on a surface of the porous body, since it is produced from the 
catalytic- activity and carrier- forming constituents, which have simultaneously 
transferred from the impregnating solution to a surface of the porous preform. 
An inner part of the porous preform in the vicinity of its surface also serves as 

10 a base for supporting the catalytic- activity constituent. Consequently, the 
catalytic -activity constituent is distributed with higher dispersion, compared 
with a conventional impregnating and calcining process wherein the catalytic- 
activity constituent is likely to disperse as island aggregates due to 
precipitation from an aqueous solution, which contains the catalytic activity 

15 constituent only. Uniform distribution of the catalytic -activity constituent on 
the surface of the porous body remarkably increases a rate of the catalytic - 
activity constituent effective for catalytic reactions, compared with a 
conventional co-precipitating process, resulting in saving consumption of the 
catalytic- activity constituent. 

20 A complex oxide as a precursor of catalytic-activity particles is 

produced by calcining the impregnated porous preform at a high temperature 
in the atmosphere, whereby the catalytic- activity constituent is reacted with 
the carrier-forming constituent and converted to a nano-complexed compound 
(i.e. a solid solution). Complexity of the oxide depends on a calcining 

25 temperature, and a specific surface area of the oxide is reduced in 
correspondence to advance of complication, as noted in Fig. 1. In the nano- 
complexed state, the catalytic- activity and carrier-forming constituents are 
distributed with high-grade uniformity enough to suppress growth of catalytic- 
activity particles, which will be produced from the complex oxide in the 
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following activating step. 

A calcining temperature shall be 700° C or higher in order to give a 
specific surface area of 20 m 2 /g or less, effective for catalytic reactions, to a 
hydrocarbon-reforming catalyst. For instance, a specific surface area of a Co/Mg 
5 complex oxide is reduced to 7.5 m 2 /g at 900°C, 2.4 m 2 /g at 1050°C and 0.1 m 2 /g 
or less at 1300°C or higher. However, an excessively high calcining temperature 
above 1300°C causes significant reduction of pores necessary for catalytic 
reactions and often degrades activity of the catalyst. A calcining period is 
properly determined within a range of 1-20 hours. 
10 [Activation] 

After the high-temperature calcining, the hydrocarbon-reforming 
catalyst is activated in a reducing atmosphere. During activation, the catalyst 
is heated at a higher temperature in comparison with conventional activation 
of a nickel or cobalt oxide catalyst. Numerous catalytic- activity sites come out 

15 on a surface of the carrier with high dispersion due to combination of the high- 
temperature calcining with the high-temperature activation. Consequently, the 
activated catalyst produces fruitful results on hydrocarbon-reforming reactions. 
The effects of the high-temperature activation on distribution of catalytic- 
activity sites will be understood from results in Examples. 

20 The calcined porous body is heated 0.5-30 hours at a temperature 

within a range of 500-1000°C (preferably 600-1000°C, more preferably 650- 
1000°C) in a reducing atmosphere such as H2 or H2+N2 during activation. The 
catalytic- activity constituent, which has been distributed in the complex oxide, 
is reduced to an active metal or metal oxide. Activation may be performed in a 

25 hydrocarbon-reforming reactor. 

[State of an activated hydrocarbon-reforming catalyst] 

Presence of catalytic activity particles on the surface layer of a porous 
body is noted by observation of the activated catalyst, but catalytic - activity 
particles are scarcely detected at an inner part deep from a surface of the 
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porous body. The catalytic-activity particles are of approximately 2.5 nm in 
average size, and 80% or more of the catalytic -activity particles is shared by 
fine particles of 3.5 nm or less in size. The catalytic activity particles are 
uniformly distributed with high dispersion, which cannot be attained by a 
conventional co-precipitating process or a conventional impregnating and 
calcining process. Such uniform distribution of the catalytic -activity particles 
imparts extremely-high activity to the inventive hydrocarbon -reforming 
catalyst without accumulation of carbonaceous matters. 

Dispersion of a catalytic -activity constituent, which means a size of 
catalytic- activity particles present on a surface of a carrier, is evaluated by a 
diameter in case of granular particles. Presume that catalytic- activity particles 
are uniform in shape and size. Dispersion d has a relationship of d=A/D 
[wherein A is a constant calculated as a product of a profile constant X a 
number of metallic atoms X (density X Avogadro's number X an area 
shared by atoms)" 1 ] with an average size D of the catalytic -activity particles. It 
is understood from the relationship that the dispersion d is more intensified as 
a decrease of the average size D. The catalytic- activity particles, whose 80% or 
more is shared by fine particles of 3.5 nm or less in size, are fairly smaller in 
size and distributed with higher- grade dispersion, compared with catalytic- 
activity particles produced by a conventional impregnating and calcining 
process. 

[Reforming of hydrocarbon] 

Any hydrocarbon, which is obtained from natural gas, petroleum gas, 
naphtha, heavy oil, crude oil, coal or coal sand, can be processed for production 
of a synthetic gas, as far as it contains such a hydrocarbon as methane. Two or 
more hydrocarbons may be mixed together to prepare a feed gas for the 
reforming process. 

One or more of steam, carbon dioxide, oxygen and air are used as a 
reforming agent(s) for production of a synthetic gas from hydrocarbon(s) 
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according to the formulas (1) to (4). 

' Feed rates of hydrocarbon and a reforming agent are controlled in a 
manner such that a mole ratio of the reforming agent to hydrocarbon is held at 
0.3-100 (preferably 0.3-10, more preferably 0.5-3). Since the inventive 
5 reforming catalyst prevents deposition and accumulation of carbonaceous 
matters thereon, it is not necessary to supply an excess volume of the reforming 
agent to a reaction zone. A synthetic gas can be actually produced with high 
performance for a long time without deposition of carbonaceous matters under 
stable conditions free from deviation of gas flows, even when methane (a 

10 hydrocarbon) is reacted with a stoichiometric or quasi-stoichiometric volume of 
steam (a reforming agent). 

A hydrocarbon gas or gases are preferably supplied to a reaction zone 
at a space velocity (GHSV : a quotient into which a feed rate of hydrocarbon is 
divided by a volume of a catalyst) of 500-200,000 h" 1 (preferably 1000-100,000 

15 h" 1 , more preferably 1000-70,000 h' 1 ). A gaseous mixture of hydrocarbon with 
the reforming agent may further contain nitrogen or other inert gas as a 
diluent. 

The gaseous mixture of hydrocarbon with the reforming agent is 
supplied to a reactor filled with a reforming catalyst and reacted at a 
20 temperature within a range of 500-1000°C (preferably 600-1000°C, more 
preferably 650-1000°C) with a pressure within a range of 0.1-10 MPa 
(preferably 0.1-5 MPa, more preferably 0.1-3 MPa) for production of a synthetic 
gas. 

25 Inventive Example 

A porous preform was prepared by compressing magnesia powder to a 
cylindrical shape, which had an axial through hole at its center, of 6mm in 
inner diameter, 16 mm in outer diameter and 16 mm in height and calcining it 
at 1100°C. 
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An impregnating solution was an aqueous solution, which contained 3 
mole % of Co(N03)2-6H20 and 6 mole % of Mg(N03)2* 6H2O at a Mg/Co mole 
ratio of 2. 

The porous preform (100 kg) was soaked 30 minutes in the 
5 impregnating solution (20 liters) held at an ordinary temperature, raised from 
the impregnating solution and then dried 12 hours at 120°C in the atmosphere. 
The soaking and drying were repeated three times until a supporting rate of Co 
(a catalytic- activity constituent) reached 3 mole %. 

After the final drying, the porous preform impregnated with cobalt and 
10 magnesium nitrates was calcined 5 hours at 1250°C in the atmosphere, 
whereby a complex oxide of Co and Mg was formed on a surface of the porous 
body (i.e. the calcined porous preform). 

The porous body (4 liters) coated with the complex oxide was packed as 
a catalyst in a flow-type fixed bed reactor of 50 mm in inner diameter and 2,000 
15 mm in effective catalyst length. The reactor was held at 850°C, while 
introducing hydrogen gas, so as to activate the catalyst. The activated catalyst 
was sampled from the reactor and observed by a microscope. As a result, it was 
noted that catalytic- activity particles of approximately 2.5 nm in size were 
distributed with high dispersion on a surface of the porous body and that 80% 
20 or more of the catalytic -activity particles was shared by fine particles of 3.5 nm 
or less in size. 

Thereafter, a mixture of methane, carbon dioxide and steam was 
supplied to the reactor, which held at an outlet temperature of 900°C with a 
reaction pressure of 2.0 MPa, under the reforming conditions shown in Table 1. 

25 



13 



Table 1- Conditions Of Hydrocarbon-Reforming Reaction 



Mole ratios to number of 


Steam 


1.0 


Carbon atoms in methane 


Carbon dioxide 


0.4 




Methane 


5.0 


Feed rates (Nm 3 /hr.) 


Steam 


D.U 




Carbon dioxide 


2.0 


A space velocity (GHSV) 


3000h 1 


An inlet temperature of a reactor 


550°C 



Comparative Example 1 

An aqueous solution, which contained 0.111 mole/liter of Co(NC>3)2- 
5 6H2O and 2.11 mole/liter of Mg(N03>2 • 6H20, was prepared by dissolving 1.62 
kg of Co(N03)2*6H20 and 27.1 kg of Mg(N03)2*6H20 in 50 liters of pure water. 
The aqueous solution was held at 50°C and adjusted to pH 9 by adding 59 liters 
of a 2 mole/liter-potassium carbonate solution thereto, in order to co-precipitate 
Co and Mg-containing compounds. The resultant precipitate was filtered, 
10 washed and dried 12 hours at 120°C in the atmosphere. 

The dry precipitate was calcined 4 hours at 450° C in the atmosphere, 
compressed to the same cylindrical shape as in Inventive Example and further 
calcined 5 hours at 1250°C in the atmosphere. The resultant reforming catalyst 
was packed in a flow -type fixed bed reactor, activated and used for production 
15 of a synthetic gas under the same conditions as in Inventive Example. 

Comparative Example 2 

A porous body (carrier) was prepared by compressing and calcining 
magnesia powder to the same cylindrical shape as in Inventive Example. The 
20 porous body (10 kg) was soaked 3 hours in a 3 mole %-Co(N03)2*6H20 aqueous 
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solution, raised from the aqueous solution and dried 12 hours at 120°C. The 
soaking and drying were repeated twice until a supporting rate of Co (a 
catalytic-activity constituent) reached 3 mole %. Thereafter, the impregnated 
porous body was calcined 5 hours at 1250°C in the atmosphere. The resultant 
catalyst was packed in a flow-type fixed bed reactor, activated and used for 
production of a synthetic gas. 

The reforming catalyst was sampled from the reactor after 50 hours 
reactions in any of Inventive and Comparative Examples, and subjected to 
thermogravimetric analysis for measuring a rate of carbon deposited on a 
surface of the catalyst. Results are shown in Table 2, together with rates of a 
synthetic gas and a cost of the catalyst. The rates of the synthetic gas are 
values calculated by periodical quantitative analysis of CO and H2 discharged 
from the reactor. The costs of the catalysts are represented by relative values in 
relation with a cost of the reforming catalyst of Comparative Example 1 as a 
reference (=l). 

Results of Table 2 shows that the reforming catalyst of Inventive 
Example had catalytic- activity equal to the catalyst of Comparative Example 1, 
which was prepared by co-precipitation, and advantageously prevented 
deposition of carbonaceous matters even after long run of reforming reactions. 
Consequently, a synthetic gas was produced under stable conditions. 

On the other hand, the reforming catalyst of Comparative Example 2, 
which was prepared by a conventional impregnating and calcining process, 
reduced productivity of a synthetic gas as time course of reforming reactions 
and had many deposition of carbonaceous matters on its surface. The results 
show decrease in a ratio of the catalyst activity for reforming reactions, since 
deposition of carbonaceous matters on catalytic -activity sites and deviation of 
gases passing through the reactor caused the increase of the catalyst, which did 
not have catalytic activity. 
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Table 2- Rates of Synthetic Gas and Deposition of Carbonaceous Matters 





Inventive 
Example 


Comparative 
Example 1 


Comparative 
Example 2 


Deposition rates (mass %) 
Of carbonaceous matters 


0.70 


0.51 


10.69 


Rates (Nm 3 /hr) of 
Synthetic Gas 


After 
10 hrs. 


CO 


4.6 


4.6 


4.5 


H 2 


9.6 


9.6 


9.4 


After 
20 hrs. 


CO 


4.6 


4.6 


4.4 


H 2 


9.6 


9.6 


9.2 


After 
30 hrs. 


CO 


4.6 


4.6 


4.2 


H 2 


9.6 


9.6 


8.9 


After 
40 hrs. 


CO 


4.6 


4.6 


4.0 


H 2 


9.6 


9.6 


8.4 


After 
50 hrs. 


CO 


4.6 


4.6 


3.7 


1 H 2 


9.6 


9.6 


7.7 


Manufacturing costs of catalysts 


0.4 


1 


0.4 



After 50 hours reactions, each catalyst was sampled from the reactor 
and subjected to surface observation. Any catalyst of Inventive Example and 
5 Comparative Example 1 maintained its original particle size of 2.5 nm in 
average, while some catalytic- activity particles of Comparative Example 2 grew 
up to 100 nm or bigger in size. The results show that increase in a deposition 
rate of carbonaceous matters was caused by growth of the catalytic- activity 
particles. 

10 

According to the present invention as mentioned above, a porous 
preform is soaked in an impregnating solution, which contains both of catalytic- 
activity and carrier-forming constituents, dried, calcined and then activated, 
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whereby numerous fine catalytic- activity particles are distributed on a surface 
of a porous carrier with high dispersion. Since carbonaceous matters, which 
deposit on the surface of the catalyst during hydrocarbon-reforming, are 
oxidatively removed due to finely- distributed catalytic- activity particles, the 
5 catalyst is always held in a surface state full of catalytic- activity sites suitable 
even for long-run reforming reactions. The high dispersion catalytic-activity 
particles on the porous carrier have efficient reforming activity, without 
wasteful consumption of an expensive catalytic -activity constituent, and the 
process for manufacturing the catalyst is also simplified in comparison with the 
10 conventional impregnating process. Consequently, a hydrocarbon-reforming 
catalyst with high performance is offered at a low cost. 
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